Introduction
Community-acquired pneumonia (CAP) is a frequent disease, causing more than one million hospitalisations annually in the US [1] . It is associated with high morbidity and mortality, being the ninth leading cause of death [2] . Several host conditions predispose to the development of CAP, including acute and chronic lung diseases such as toxic inhalations, pulmonary oedema, bronchial obstruction, cystic fibrosis, chronic obstructive pulmonary disease (COPD) and lung cancer, amongst many other risk factors [3] . The impact of pre-existing chronic lung diseases on disease-related complications and outcome in CAP is controversial and not well established. Some studies found COPD to be a protective factor against the development of complications of CAP [4, 5] , whereas others describe COPD as a risk factor for higher CAP severity [6] . Inhaled corticosteroids (ICS) are a main pillar of the treatment of asthma and COPD. Their use in the treatment of COPD has been associated with an increased risk of pneumonia [7] [8] [9] [10] [11] . In a recent study, prior treatment with ICS for different chronic pulmonary diseases was associated with a lower incidence of parapneumonic effusion in CAP patients [12] .
We aimed to investigate the impact of COPD, asthma and interstitial lung disease (ILD) on the incidence of complications (lung abscess, parapneumonic pleural effusion, empyema, acute respiratory distress syndrome [ARDS] ) and outcome (in-hospital mortality, length of hospital stay [LOS] ) in hospitalised adult CAP-patients in a retrospective case-control study.
Patients and methods
For our analysis, we used a nationwide database including all hospitalisations in Switzerland from 2002 to 2010, provided by the Swiss Federal Office for Statistics, Neuchâtel, Switzerland. Due to the design of the database, individual level data for medications including ICS, the level of asthma control, COPD stage and smoking status were not available. Inclusion criteria were hospitalisation due to CAP (ICD-10-codes J12.x, J13, J14, J15.x, J16.x, J17.x and J18.x) and age >17 years. Exclusion criteria were HIV-infection, cancer and chronic lung diseases except COPD, asthma and ILD. All diagnoses were based on the ICD-10 codes used in the database. For this study, we analysed three pairs of comparisons: 1. Patients with CAP and a diagnosis of COPD (as the single chronic lung disease, ICD-10-codes J43.x and J44.x) versus patients with CAP, but without any chronic lung disease. 2. Patients with CAP and a diagnosis of asthma (as the single chronic lung disease, ICD-10-codes J45.x and J46) versus patients with CAP, but without any chronic lung disease. 3. Patients with CAP and a diagnosis of ILD (as the single chronic lung disease, ICD-10-code J84.x) versus patients with CAP, but without any chronic lung disease. In order to control for a possible detection bias and performance bias in patients who are followed closely and frequently by specialists for chronic diseases for which patients might be encouraged to seek early medical attention if they develop dyspnoea or cough, we performed an additional comparison: we compared patients with heart failure and CAP but no underlying chronic lung disease with their matched controls as an internal plausibility control. As a second internal plausibility control, we calculated the Charlson comorbidity index for all different groups to compare overall morbidity and to exclude a higher overall disease burden in the control groups, which could lead to results in favour of the disease groups. ILD included idiopathic pulmonary fibrosis (IPF), acute interstitial pneumonia (AIP), desquamative interstitial pneumonia (DIP), nonspecific interstitial pneumonia (NSIP), respiratory bronchiolitis interstitial lung disease (RB-ILD), cryptogenic organising pneumonia (COP) and lymphoid interstitial pneumonia (LIP) (summarised by ICD-10-code J84.1), alveolar proteinosis (J84.0) and interstitial pulmonary diseases without further specification (J84.8 and J84.9). We performed a retrospective, matched case control study. The groups were matched according to age, gender and month of hospitalisation to exclude seasonal effects.
Matching for all relevant comorbidities was not feasible. We had initially tried to do so, but this would have reduced the sample size dramatically and would have excluded a large proportion of patients due to missing matched control patients, thereby limiting generalisability. 
Statistical analysis
Descriptive statistics are reported as median and interquartile-range (IQR). Logistic regression with generalised estimating equations (using working independence correlation structure) was used to test the association between binary endpoints (presence/absence of complications, in-hospital mortality) within the two groups of our case-control design while adjusting for covariates (age and gender) and accounting for within-patient variability. P-values from the Wald-test statistic are reported. Similarly, Gaussian linear models with generalised estimating equations were used to test the association between continuous variables (length of stay) in our case control design, adjusting for covariates (age, gender) and accounting for within patient variability. Non-parametric two-sample Wilcoxon Rank Sum test was used in procedures involving continuous endpoints where the normality assumption was violated. All analyses were done using the R statistical software (v. 2.15.2).
Results
According to the inclusion and exclusion criteria, the search of the database identified a total of 112,103 eligible patients hospitalised due to CAP in Switzerland between 2002 and 2010. Of these, 90,998 (81.2%) had no pre-existing chronic lung disease, 21,105 (18.8%) had a history of COPD, asthma, ILD or a combination of these diseases. 17,075 patients (15.2%) had a diagnosis of COPD as single chronic lung disease, 2,700 patients (2.4%) had a diagnosis of asthma as single chronic lung disease and 916 patients Prevalence of pleural effusion in hospitalised COPD and asthma patients compared to their matching controls without lung disease.
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COPD
We compared 17,075 COPD patients with their matching controls. The median age was 75 years (IQR 67-82), 67.4% were males. At least one of the above mentioned complications occurred in 5.0% of COPD patients with CAP in comparison to 5.6% of the controls (p = 0.019). The most frequent complication was pleural effusion, which was less frequent in COPD patients (4.3% vs 4.9%, p = 0.011, fig. 1 ). The frequency of the other complications did not differ between COPD patients and controls. In-hospital mortality was slightly lower in COPD patients (5.8% vs 6.7%, p <0.001, fig. 2 ). LOS was longer in COPD patients (nine vs eight days, p <0.001).
Asthma
We compared 2,700 asthma patients with their matching controls. The median age was 68 years (IQR 47-79), 37.1% were males. At least one of the above mentioned complications occurred in 4.2% of asthma patients with CAP in comparison to 6.3% of the controls (p <0.001). The most frequent complication was again pleural effusion, which was less frequent in asthma patients (3.4% vs 5.2%, p <0.001, fig. 1 ). The frequency of the other complications did not differ between asthma patients and controls. Inhospital mortality was markedly lower in asthma patients (1.4% vs 4.8%, p <0.001, fig. 2 ). LOS did not differ between the groups.
ILD
We compared 916 ILD patients with their matching controls. The median age was 78 years (IQR 69-83), 61.0% were males. At least one of the above mentioned complications occurred in 5.4% of ILD patients with CAP in comparison to 6.1% of the controls (p = 0.482). The most frequent complication was again pleural effusion, with no significant difference between the groups, which was also
Figure 2
In-hospital mortality of hospitalised COPD and asthma patients compared to their matching controls without lung disease.
found for the other complications. In-hospital mortality was significantly higher in ILD patients (16.3% vs 6.8%, p <0.001), as was LOS (ten vs nine days, p <0.001).
Heart failure
We compared 7084 heart failure patients (and no additional chronic lung disease) with their matching controls. The median age was 83 years (IQR 77-88), 50.5% were males. At least one of the above mentioned complications occurred in 9.5% of heart failure patients with CAP in comparison to 4.9% of the controls (p <0.001). The most frequent complication was again pleural effusion, which was more frequent in heart failure patients (8.8% vs 4.2%, p <0.001). The frequency of the other complications did not differ between heart failure patients and controls. In-hospital mortality was markedly higher in heart failure patients (12.5% vs 9.4%, p <0.001), LOS was only slightly higher in this group (10 vs 9 days, p <0.001). All results are summarised in table 1. The Charlson comorbidity index was highest in heart failure patients, followed by COPD, ILD and asthma patients. In all groups, values were significantly higher as compared to the control patients (table 2).
Discussion
We found significantly less disease-related complications of CAP in hospitalised COPD and asthma patients compared with their controls, mainly related to a lower incidence of pleural effusion. In-hospital mortality was also lower in the COPD and -much more pronounced -asthma cohorts. Chalmers et al. identified a history of COPD as a protective factor against the development of complicated parapneumonic effusion and empyema in patients hospitalised due to CAP (adjusted odds ratio 0.18) [4] . Cillóniz et al. also found COPD to be a protective factor against pulmonary complications of pneumococcal CAP (odds ratio 0.38) [5] . These findings are in line with our results. A recent study found that prior treatment with ICS in patients with different chronic respiratory disorders who developed CAP was associated with a lower incidence of parapneumonic pleural effusion (5% vs 12%) [12] . This is also in line with our results for COPD and asthma patients, who are often treated with ICS. Of note, our database did not provide information about the medical therapy, so that a direct association with ICS use could not be tested in our study. A recent meta-analysis aimed to investigate the mortality risk from CAP in COPD patients and revealed heterogeneous results without clear evidence for a higher mortality of COPD patients or a lower mortality for patients with prior ICS use [13] . In our cohort, mortality was slightly lower in COPD patients compared to their matching controls. Other recent studies suggested a causal association between the use of ICS and the risk of developing CAP in patients with COPD, but without an association with increased mortality [14, 15] . Taken together our results and the previously mentioned findings suggest that COPD is not associated with a higher in-hospital mortality in patients hospitalised due to CAP,
Original article
Swiss Med Wkly. 2014;144:w14013 and it could possibly be a protective factor against complications of CAP. As far as asthma is concerned, CAP patients with a history of asthma in our cohort had a markedly lower risk of parapneumonic pleural effusion (3.4% vs 5.2%) and inhospital mortality (1.4% vs 4.8%) as compared to their matching controls without asthma. In the literature, there is very limited information on the effect of asthma in patients with CAP. A Japanese study compared asthmatic CAP patients under ICS therapy with asthmatic CAP patients not under ICS therapy and found no differences regarding outcome [16] . The reason for the markedly lower CAP-mortality in our cohort of patients with asthma is not obvious. One hypothesis could be the anti-inflammatory effect of ICS, which are frequently given in asthmatics. ICS could possibly mitigate the degree of inflammation in the lung tissue and thereby improve outcome in CAP. When hypothesizing about other possible explanations for a better outcome of COPD and asthma patients hospitalised for CAP, one could imagine a higher degree of cautiousness among general practitioners while treating these patients, with a consecutively lower threshold to hospitalise, when CAP is suspected. Additionally, patients may seek care at an earlier time because they are trained to assess themselves or because their cardiopulmonary reserve is lower. This could lead to an earlier administration of adequate CAP therapy. The same assumption could be made for the physicians in the hospital, who might provide more attention to patients with underlying chronic lung diseases and thereby recognize clinical deterioration earlier, thus improving outcome. Possibly, the different infective agent spectrum between patients with or without chronic lung disease may also contribute to a different severity of CAP complications. A rising topic regarding this issue is the lung microbiome, which seems to differ between healthy and diseased lungs with implications for immune regulation [17] . A bidirectional interaction between the host immune defences and the constitution of the lung microbiome has been proposed [18] . The microbial diversity seems to be dependent on age, disease severity and medication use [19] . Another hypothesis could be a different immune response due to colonisation in patients with chronic lung diseases. A recent study detected different early inflammatory patterns between CAP patients with and without associated COPD [20] . Arguably, colonisation might lead to a preformed humoral and cellular immune response, which could provide earlier and more profound protection and improve outcome. This association is suggested in studies, which found a lower mortality from bacteraemia in patients who are colonised with Staphylococcus aureus [21] . Alternatively, colonisation might also lead to immune tolerance and less detrimental inflammatory responses, again with beneficial outcome [22] , which also could contribute to a better microbial control. For ILD patients, we did not find a difference in the frequency of the pre-specified CAP complications; as a possible explanation, one could again hypothesize that due to the fact that ICS is not a standard therapy in this patient group, the formerly mentioned possible protective anti-inflammatory effect is missing. We found a markedly higher mortality in comparison to the control group (16.3% vs 6.8%), which can be expected due to the more or less severe limitation of baseline lung function, especially of the lung parenchyma, in comparison to the control group without chronic lung disease. Subsequently, relatively minor infections can lead to a rapid worsening of the preexisting unstable gas exchange balance in ILD patients. Of course, the probability of respiratory failure with concomitant need for ventilation and/or ICU admission is considerably higher in this patient group. As an internal plausibility control of our results, we additionally analysed heart failure patients hospitalised for CAP with matching controls without heart failure. We regarded heart failure patients similar to patients with severe chronic lung diseases, e.g., in terms of overall morbidity and limitation. Interestingly, the higher mortality of patients with heart failure suggests that the beneficial effect of asthma and COPD on pneumonia complications was unlikely to be due to earlier attention to symptoms or a lower cardiopulmonary response but rather due to an alternative effect. Of course, this is only indirect evidence for the plausibility of the results. Alternatively, the higher mortality from pneumonia in patients with heart failure might be explained by erroneously suspecting a cardiac origin of symptoms instead of a respiratory infection and possibly later initiation of appropriate therapy. The markedly higher in-hospital mortality in the heart failure control group in comparison to the other control groups is most likely due to the higher average age in this cohort (83 years vs 75, 68 and 78 years for COPD, asthma and ILD, respectively). The fact that the Charlson comorbidity index was also markedly higher in COPD and asthma patients compared with their controls (table 2) additionally strengthens the results, because according to this one would expect higher complication and in-hospital mortality rates for COPD and asthma patients and not vice versa. One limitation of our study is its retrospective design and the fact that the database provided by the Swiss Federal Office for Statistics did not contain certain clinical parameters, which also would have been of interest, e.g. ICU admission and the need for ventilator support. Further, mistakes in ICD-10-coding by the treating physicians cannot be excluded. Adjustment for disease severity was not possible due to the design of the database, so that a certain degree of selection bias cannot be excluded. Another limitation is the lack of information regarding ICS use in the database, so that we can only speculate about a possible influence of ICS use on our results. Further, the level of asthma control, COPD stage and smoking state were not available.
The main strength of our study is the comprehensive coverage of the database covering all hospitals in Switzerland with a consecutively high number of patients. This fact should also contribute to balancing mistakes in ICD-10-coding between case and control groups and thereby diminish the relevance of such possible mistakes. Furthermore, due to the high number of patients, we were able to perform a well-balanced matching of case and control groups. In summary, bearing in mind the above mentioned limitations, our results indicate a lower incidence of composite complications of CAP in COPD patients and an even more pronounced reduction in asthma patients compared to matched control groups without any chronic lung disease, mainly due to a lower incidence of parapneumonic pleural effusion. This could not be shown for ILD patients, where the incidence of composite CAP complications did not differ between case and control group. We could show slightly lower in-hospital mortality in COPD patients and a markedly lower in-hospital mortality in asthma patients hospitalised due to CAP, a finding, which has not been described until now. In contrast and as expected, ILD patients with CAP had markedly higher in-hospital mortality than matched controls without chronic lung disease. Our results are novel and provocative and should be viewed as hypothesis generating, with different possible explanations for our findings, including possible influence of ICS therapy, a possibly higher awareness of general practitioners and hospital physicians while treating patients with
Swiss Med Wkly. 2014;144:w14013 chronic lung diseases, the different microbial spectrum or a differently regulated immune response.
Take home message
We found less complications and a lower in-hospital mortality of CAP in COPD and asthma patients compared with their controls.
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